Subgroup of Alkaloids :
Hypoxanthin ; Second alkaloid, gladiolin; Third alkaloid, tennysin.
Leucin and homologous principles ; Tyrosin; Urea.
Subgroup of Aminoacids and Amides :
Why ?-the words 'substance' or 'compound' were sufficiently well known. It is instructive to seek a contemporary definition of this technical use of the word 'principle', and I quote from the Oxford English Dictionary, which itself quotes from instructions of the Chemical Society to its abstractors in 1879. Signification 1 lc, later chemical, reads: 'one of the constituents, as obtained by chemical analysis; usually restricted to a constituent which gives rise to some characteristic quality, or to which some special action or effect is due, as ... bitter principle'. Thudichum was a Fellow and indeed a Vice-President of the Chemical Society here. Thus he was using for his isolates, knowingly or uncon-sciously, a term that carried overtones of biological action or response, and the typical 'principle' was isolated by chemical means and tested biologically to ensure that it was indeed the 'principle' of the material concerned. In this way Sterturner (1806) tested his increasingly purified opiates, culminating in crystalline morphine salts from opium, between 1805 and 1817. True, Thudichum occasionally notes a biological property, as that his cerebrose is feebly sweet in taste, but I have not found an indication that this property was used as an indicator in isolating the compound. Furthermore, Thudichum not only disregarded or failed to examine the biological properties of his cerebral isolates : he mistrusted and actively spurned the physiological chemistry and incipient biochemistry of his day. Thus his short-lived Annals of Chemical Medicine is described by its title-page as comprehending the application of chemistry to physiology, pathology, therapeutics, pharmacy, toxicology and hygiene; but its preface refers to professed physiologists, claptrap and obstruction. The (Thudichum, 1879) book includes also (Thudichum, 1881a) an account 'on modern textbooks as impediments to the progress of animal chemistry'. Here there are specific targets, and references especially to the work of Kuhne as outdated; and elsewhere (Thudichum, 18816; see below) as involving errors of judgement, speculations and mere conjectures. Now the person so described was Wilhelm Kuhne, whom we honour as originating the word 'enzyme' and as a pioneer in many branches of biochemistry. Indeed, some of his research that Thudichum disparaged and mocked was major pioneering work in neurochemistry. Thudichum has, I think, had more than his share of protagonists (Page, 1937 , Drabkin, 1958 , who describe him as a neglected genius but who themselves neglect these incidents, which could well have contributed to the relative paucity of neurochemical work here in the years that succeeded them; Thudichum does not appear to have inspired neurochemical pupils. Remember that Thudichum was doing this bullying from a position of strength: he was using his situation, and the authority derived from a major school in the established science of organic chemistry, to mock and suppress the incipient metabolic studies of his time. The one great thing Thudichum knew was indeed spiky and had become an impediment to biochemistry; his work on the brain ceased in 1882 and was not pursued. Do you recall events in the Midrummer Night's Dream when the hedgehogs were banished from Titania's sight? She slept and received a centrally acting material by ocular infusion. When she awakened she became enamoured of an intriguingly transformed thing, much mixed in biological type.
Isolates 11: Metabolic Systems
Similarly, neurochemistry, when it regained a centre of interest a generation or more after Thudichum, was indeed transformed and displaying great biological initiative. In the new century, investigators were searching for constituents of the brain, in extracts of rice, of liver and of yeast. For we turn now to the second type of cerebral isolate and the second period of this story. Metabolic studies of the brain were beginning and were, I judge, given a major new orientation in the 1920s by the series of findings that I have expressed in a particular way in Table 3 . These investigations concern the central actions of thiamin. Nutritional studies generally afford an example par excellence of successful combination of biological testing with chemical isolation and identification of new substances of biological importance. Moreover, it is not necessary to know all bodily constituents to the uttermost detail in order to perform such research; appropriate use of test systems enables the investigator to make curative concentrates, and from them to isolate and identify the active vitamin. The symptoms of thiamin lack include disturbances of the brain and its functioning. Potent concentrates that carried thiamin activity and that relieved such symptoms were isolated by the 1920s. The concentrates came from yeast : by what means did they alleviate abnormalities in peripheral nerve and in the brain? There was in the 1920s no certain knowledge of how to answer such questions, and the sequence of Table 3 gives the pioneering investigations, carried out largely by R. A. Peters and his colleagues at Oxford. These were the first to demonstrate in uitro the action of any vitamin on an enzyme system, and this system was a cerebral isolate. Table 3 eriumerates a series of selections, made in order to obtain the most effective prepara.tion, with the vitamin concentrate as test system. Note this reversal of roles; I think that previously it has not been adequately emphasized. The investigations are giving a cerebral isolate, on the basis of response to yeast isolates. First the category of metabolites, then the organ, then the species, then the part of the brain and then its manner of preparation are selected by using response to thiamin as criterion. In this way the cerebral isolates were shown to retain a surviving part of the behaviour of the whole organism: restoration of activity by a yeast concentrate, and in later studies by synthetic thiamin. The further metabolism of lactate, through pyruvate and reactions later shown to be part of the tricarboxylic acid cycle and needing thiamin diphosphate, were gradually displayed (Banga et al., 1939) . Subsequent investigation showed the now-familar participation of adenine nucleotides in the reactions: these pioneering studies in oxidative phosphorylation also used cerebral dispersions. There have been many such sequences since, in which, by solving a practical problem in nutrition, investigators contributed also to understanding of intermediary metabolism. Interestingly, the metabolism of thiamin phosphates is still a current subject; the urinary occurrence of an inhibitor of a thiamin-phosphorylating enzyme characterizes the inherited disease You will be familiar also with the next generation of cerebral isolates, which were obtained by centrifugal fractionation of cerebral dispersions (Table 4) . Such fractionation methods were initially applied to cerebral dispersions without adequate validation, and yielded allegedly glycolysing mitochondria. Why ? There are shades of Thudichum here. Thudichum substituted chemical for biological criteria in obtaining his isolates; those who obtained 'glycolysing mitochondria' substituted centrifugal for microscopic or structural criteria, using their fractions without adequate examination for freedom from other subcellular entities. When, later, such examination was made the findings contributed to characterizing a major new isolate: the nerve-terminal particles or synaptosomes. The experimental opportunities given by synaptosomes are still very much in the course of development; they featured also in last year's Thudichum lecture, and for this reason my present comment will be brief. Note that synaptosomes yield subfractions or subcategories according to transmitter content, and in several cases they yield further important isolates : the synaptic vesicles.
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By following the theme of fractionating cerebral dispersions I have left until now my comment on the earlier discovery of a most important isolate: the retinal preparation that carries the photoreceptor apparatus. These preparations took advantage of a particular feature in the structure of the retinal rods: they tended to fragment at a point separating the outer segments, which carry the discs with rhodopsin, from the remainder of the cell. With retinae from different species a variety of means, shaking, brushing or scraping, yielded suspensions enriched in rod outer segments. From these mixed suspensions, admirable separations of the outer segments were devised around 1950. That of R. A. Morton's department in Liverpool may be noted (Collins et al., 1952) , for their interest, like that of Peters, derived from nutritional studies: in this case from vitamin A, synonymous with retinol. Separation of the outer segments used sucrose density gradients, and the fractions were monitored by microscopic examination and determination of rhodopsin, so anticipating by more than a decade the application of such techniques to synaptosomes.
Suspensions of retinal rod outer segments are the isolates that have been used in many fundamental investigations of visual processes: for example, that specifying the lightinduced reaction in which retinal, in Schiff-base combination with the amino group of a lysine residue of opsin, isomerizes and changes the configuration of rhodopsin. The light-induced changes alter charge distribution and expose other reactive groups (Wald &Brown, 1965; McConnell et al., 1968; Wald, 1973) , and are associated with changes in the concentration of cyclic AMP, also observed in suspensions of bovine rod outer segments (Bitensky et al., 1973; Langer, 1973) .
These light-induced changes (Bonting et al., 1973) allow at one stage the bleaching of visual pigment by retinol dehydrogenase, which is a means of adaptation to brighter lights. The subsequent regeneration in the dark involves tissues adjacent to the retina, including the choroid, and probably also the translocation of retinol out of the retina in order to achieve this (see Graymore, 1970) . Interestingly, participation of the choroid was discovered by Kuhne (1 878) and interpreted by him as involving enzyme reactions. This was among the observations that Thudichum (18816) chose to hold up to ridicule.
Kuhne interpreted his findings with a delightful turn of imagery in terms of the photography of his day, and we can greatly admire his prescience; he wrote 'The retina, so long as it is maintained in its natural connection with the (choroidal) epithelium, resembles not so much a photographic plate as a whole photographic workshop, in which the operator, by bringing new sensitive material, is always renewing the plates, and at the same time washing out the old image'. Thudichum's comment was: 'The particular delusion of 'photochemistry' by means of a 'visual substance' is born out of a particular bias of this photographing age, and as such affords a good illustration of the errors of judgment produced by habitual one-sided action or thought. . . . The speculations of Kuhne and Ewald concerning a ferment which might transform a colourless matter, distinguished by the name of 'visual white', into the red matter, are mere conjectures without any basis of fact.'
The accounts refer to Kuhne's 'optograms', images made on the retina by bleaching the visual pigments, and subsequently fixed by treatment with alum (Kuhne, 1878; Pirie & van Heyningen, 1956 ). Some of the illustrations to Kuhne's account, made by exposing for a minute or so a dark-adapted rabbit to light coming through windows or grids, were shown during the Lecture (see the acknowledgements). When reported in the last century, they added a theme to popular literature: that of the eye retaining post mortem an image of the things last seen. The newspapers of 1927 (Butler, 1973) carried a story of a criminal who thought he was being photographed in the eyes of his victim and shot through both to destroy the imagined record. Spreading knowledge of neural isolates and their autonomy has its unforeseen by-products.
Isolates 111: Tissues and Dissected Subsystems
My comments on the retina are an interlude in this sequence describing cerebral isolates. We began the phase of neurochemical preoccupation in metabolism and the subcellular with an enchanted generation finding cerebral constituents and metabolic enlightenment in yeast and liver, and must now note some consequences of this panbiochemical orientation. It gave great enlightenment, but some of its adepts were as confused as a transformed Titania in their appreciation of biological systems, and they wrote neurochemistry in terms of non-neural systems. Consider Page's (1937) very specifically titled Chemistry of the Brain. This was in several ways an enterprising book, but it carried chapters on sterols, phosphatides and fatty acids in which only a small portion of the information recounted was derived from study of the brain; other organs of the body featured almost equally, and sometimes more prominently. Similarly distanced and displaced treatment was applied to several important themes in the Neurochemistry of Elliott et al. (1955) published 18 years later. Again, a very specific title and many good contributions, yet in describing the main routes of carbohydrate metabolism, available quantitative data for neural systems was largely ignored (see McIlwain, , 1956 ).
The pan-biochemical phase of neurochemistry, so valuable a quarter-century earlier, was becoming restrictive and diversionary; the new generation wanted to see neural systems as such and not muscle-bound through yeast-tinted spectacles. Why had such viewpoints appealed? They were of course easier, especially to teachers of general biochemistry (they still are), but another reason could be intriguingly similar to that for Thudichum's use of the word 'principle'. May it not have been wished to imply a connexion with biological functioning by association or implied analogy rather than by specific investigation? When a nominally neurochemical author avoided quoting the available quantitative data for carbohydrate metabolism in the brain and substituted information about muscle, a vague muscularity and sense of physically observable action was transferred to the brain without involvement in neurochemical laboratory work or its appraisal. The challenge to quantitatively appraise the energy metabolism of the brain and, where necessary, to devise new experimental systems was first obscured and then obtunded. Transference of ideas between neurochemistry and general biochemistry is much to be welcomed: but substitution of one for the other is not.
The new experimental systems, fortunately, were already in the course of development (McIlwain, 1952a,b) . For the two books quoted above spanned a time, between 1937 and 1955, which had been a major period in the material investigation of the brain. Much had centred round epilepsy and convulsive conditions : electrical activity from the brain detected outside the head as the electroencephalograph gave diagnosis of epilepsy; effective anticonvulsive drugs were developed; experimental epilepsy was induced by drugs and by electrical means; the electroconvulsive therapies were applied to alleviate forms of mental disease. The electroencephalograph was used to localize abnormal parts of the brain for neurosurgery; pathologically changed samples of human brain became available for biochemical study.
These were the events that prompted the next transformation in neurochemistry. With vision brightened by new isolates and the invocation 'See as thou wast wont to see', neurochemistry returned to its natural preoccupation with neural systems. But how were the new isolates found and made to display electrical activity ? Electroencephalography and cognate studies had emphasized electrical influences as part of the normal environment of cerebral tissues in situ. A logical conclusion was: to adequately study such tissues in isolation, supply the electrical input, as well as the chemical input, that they normally receive. What type of electrical input, and how was one to observe its effects? The sequence of investigations is summarized in Table 5 , again as a series of selections.
(1) First: the concentrations of ATP, phosphocreatine and inorganic phosphate of the brain in situ were known to undergo rapid changes in convulsions, but their maintenance in isolated parts of the brain in vitro was not established; we searched, and found con- Vol. 3 Table 6 . Distinctive properties of new cerebral isolates
Tissue from guinea pig or rat was used, stimulated generally, and respiration or glycolysis was measured unless otherwise indicated. Data are taken from McIlwain (1951a McIlwain ( , 6, 1954 McIlwain ( , 1958c , Bollard & McIlwain (1957) , P. Greengard & McIlwain (1955) 
Characteristic response
Greater response with longer intact tract Output from tissue Commenced at age when electrical activity seen in vivo Inhibited; no action when unstimulated* Persistence, decaying with half-life 0.5 s ditions for their maintenance. (2) Next was queried: which, if any, convulsant agent would cause in the isolated tissue the prompt fall in concentrations of ATP and phosphocreatine observed in vivo? Only electrical excitation was found to do so: not, for example, strychnine, nor pentamethylenetetrazole. (3) Moreover, electrical stimulation of the isolates increased also their respiration and glycolysis, but only (4) of suitable preparations: that is, of cell-containing tissues, characteristically different from the dispersions of isolates 11. And, when the new isolates were electrically stimulated, they became susceptible to anticonvulsants. Nevertheless (5) this susceptibility was not shown when the same metabolic characteristics of the preparations were comparably increased, not electrically, but by other stimulants.
The electrically stimulated tissues thus constituted a new cerebral isolate. They provided, for example, the first demonstration of surviving tissue fragments from the human brain in an electrically excitable form (McIlwain, 19526) . In the five or six investigations summarized in Table 5 , we learned much about how to prepare and maintain the tissues, to apply electrical stimuli and to recognize and avoid artifacts. What did this electrical excitation of metabolism mean ? Had something resembling their endogenous electrical activity been induced in the new isolates? The first indications were indirect and were derived from distinctive properties, some of which are summarized in Table 6 . The responses induced electrically were conducted by fibre tracts; acetylcholine was liberated; responses were blocked by several centrally acting drugs (see also Forda & McIlwain, 1953; Lewis & McIlwain, 1954) , and in tissues from animals of different ages they began at a time when the normal electrical activity of the brain commenced.
This gave the assurance necessary to seek direct demonstration of electrical phenomena in the new cerebral isolates. The first such phenomena to be observed when suitable apparatus had been devised were resting membrane potentials (Li & McIlwain, 1957; Hillman et al., 1963) ; and note that already these were accompanied by occasional spike discharges. The resting membrane potentials were an important measurement in themselves, since they gave much enlightenment in understanding the chemical susceptibilities of the brain. Data with excitatory acidic amino acids illustrate this. Glutamate added extracellularly to neocortical samples that had electrodes sited in large cell bodies promptly depolarized the cells. The Na+ entry that was involved was measured, as also was the associated depletion of high-energy phosphates and increase in carbohydrate metabolism (Bradford & McIlwain, 1966; Harvey & McIlwain, 1968) .
There has thus begun a new series of selections for cerebral isolates in which electrical observation of response dominates ( Table 7) . This sequence was developed through our paying attention to the cell-firing that accompanied the measurements of potential. This could be observed extracellularly relatively easily; the challenge was, however, to make it understandable by arranging to measure discrete cell-firing in response to one or a few stimuli. To do this the isolates needed to be prepared in relation to the known fibre tracts of the brain. We began simply with fibre tracts themselves; in guinea-pig and rat brain these are readily obtained within the 0.35mm of ordinary tissue slice thickness (Yamamoto & McIlwain, 1966) . Especially interesting are large tracts carrying sensory input to the brain: the optic tracts and lateral olfactory tracts. These preparations again gave riches beyond initial expectation, for it was evident that adjacent structures were being activated by stimulation from the tract. Kawai & Yamamoto, 1968 McIlwain & Snyder, 1970; Yamamoto, 1972; McIlwain, 1975) . The theme may be illustrated by experiments with the isolate carrying the optic tract and superior colliculus (Kawai & Yamamoto, 1969; Heller & McIlwain, 1973) . With this preparation post-synaptic responses were seen electrically in the superior colliculus, a centimetre away from the point of stimulation, and were accompanied by output of 5-hydroxytryptamine (serotonin). Moreover, both the electrical and the chemical responses were modified by lysergic acid diethylamide (LSD), the drug that in notoriously small amounts produces visual hallucinations. Did Shakespeare's classical, local and Paracelsian lore (Wilson, Cruce & Cruce, 1975; Rahmann & Breer, 1975) . In each of these cases I can hear Thudichum's objection to publication before all the components involved were chemically isolated, analysed and identified.
Neurochemical Individuation
This return to the visual system has added detail to our twofold theme of Thudichum and cerebral isolates. Advancement by isolates is not the only route to neurochemical discovery, but it is a major route still being emphasized. And, although future isolates may include quite novel categories, the necessity will remain to separate and to chemically identify neural constituents: some simply because they are there; others, because they are found to function in uiuo or in other cerebral sub-systems. Our ability to eavesdrop on the chemical cross-talk between different parts of the brain has grown delightfully in recent years.
Knowing several categories of cerebral isolates, we can appreciate the distinctive outlooks of Thudichum, of Kiihne and of other neurochemical pioneers. The period in which Thudichum's work may have been insufficiently regarded is past, as is also the period of eulogy as excessive as that of Drabkin (1958) . There were also notable chemists of the brain before Thudichum (see McIlwain, 1958a ), but it is his name that has been attached to psychiatric research laboratories in Illinois (Himwich, 1970) and to these Lectures. Why has he been selected as figurehead or hero? Such selection has its criteria (Jung, 1956; Henderson, 1964) , and I find that Thudichum meets several of them, enumerated as follows.
Thus (i) Thudichum was not born to chemical greatness, but in his youth was guided by a tutelary figure, Justus Liebig, enabling him to perform great tasks. (ii) He rapidly rose in prominence and power, (iii) despite seemingly unjust events that forced him into exile. He had a triumphant struggle (iv) with forces (those of Kiihne and Hoppe-Seyler) that he judged to be evil because they would divert him from his visionary, revealed, goal (v) of a pure chemistry of the brain, pursued to its uttermost detail. Here came his hubris (vi): a sin of pride that, after his betrayal (vii: the ending of support by the local Government Board for his work on the brain), led to his heroic sacrifice (viii). Classically, this sacrifice was death; with Thudichum it was to cease to pursue his grail: a sudden halt to his 16 years of neurochemical work. There was wisdom in this, for, as I have indicated, had he continued such studies, drastic revisions would have been needed in some of his published opinions ; present levels of communication and recording are obstacles to honest herolatry.
Weaknesses, however, do not necessarily detract from the numinous character of a hero. Thus he typically is blind to some things obvious to ordinary people. The cowboyhero is the last person to see that the girl is available and willing. So I am not, as might appear to the shades of Rosenheim (1930) and Drabkin (1958), denigrating Thudichum in remarking on his lack of elementary comprehension of the studies of neural systems being made by his more biochemical and physiological contemporaries. These failings discouraged recognition in his own time; that they do not do so today has herological rather than historical rationale. The typical journal-reading, grant-aided, box-watching neurochemist of the 1970s has, through his elected committees, chosen toadd Thudichum to Heracles and Hopkins, and we are consenting participants in the performance of this 
